Due to the difficulty of finding recirculation of airflows in a complicated ventilation system, a searching strategy is proposed based on depth-first search method for searching recirculation in complicated ventilation networks. The depth first method is introduced briefly while the searching strategy for tracing recirculation in a network is introduced in detail. The proposed method is then used in a copper mine for searching the recirculation of airflows. The mine ventilation system is solved by VENTSIM software first for getting all the airflows information, i.e. the nodes and directions. Then the data of ventilation system is stored in the matrix for tracing the recirculation in the network. A few of recirculation of airflows are found and are compared with the VENTSIM solving results. It is found that the searched results agree with the VENTSIM solving results of the ventilation system. It is concluded that the proposed method has the capabilities of tracing airflow for finding recirculation.
INTRODUCTION
Ventilation is an essential component of underground mining, which provides adequate airflow to create safe environment for mining workers [1] . The main purposes of ventilation in a mine are to dilute mine gases and combustion products including gases and particles, to remove dust and to control air temperature [1] . Therefore, the quantity and quality of airflow in a ventilation systems are of significant importance. However, the complexity of the ventilation network, such as metal mine ventilation system, reduce the basis function of the system and the volumetric efficiency of the ventilation system. For example, the widely used booster fans in underground mining can induce recirculation of airflow in a few connected airways. As for a complicated mine ventilation system, with dozens of fans installed in underground mine and hundreds or thousands of airways, it is quite difficult to find recirculation of airflows. Therefore, in order to control or eliminate the recirculation of airflows in a complicated mine ventilation system, it is empirical to develop a searching method for finding the recirculation in complicated mine ventilation systems.
In last two decades, many researches were done on the recirculation of airflows in mine ventilation system [1] [2] [3] [4] [5] . These researches focused on the characterization of air recirculation in multiple fan ventilation system, controlled recirculation and the simulation of air recirculation. However, there are rare study focusing on tracing the airflows for finding recirculation of airflows. Thus, on the one hand, it is necessary to study the recirculation in term of finding the positions, since it is hard to find the recirculation in a complicated mine ventilation system. On the other hand, it is imperative to study the searching strategy for finding the recirculation of airflows in order to control or eliminate them.
METHODS
Since most of the recirculation of airflows are induced by fans installed underground, in our research we focus on finding the recirculation induced by underground fans. For the recirculation induced by underground fan, the airflow begins from the fan and flows in a few airways. Finally, it flows back to the airway where the same fan is installed. Therefore, for finding the recirculation, we can search the recirculation from a fan and follows the direction of the airflow. If the airflow finally flows back to the fan position, we find a recirculation.
In this section, a modified depth first search method is introduced to search recirculation of airflows induced by underground fans.
Depth-first search method
Depth first search method has been widely used in may field [6] [7] [8] [9] [10] [11] . However, there are rare applications in mine ventilation. Since the depth first method has been introduced in detail in the literature [8] , herein we only introduce this method briefly.
Depth-first search method is used to traverse a graph and uses a stack to store the visited vertex, i.e. node. Eventually, all the vertices in the graph will be visited. The searching strategy is as follows.
The idea of the depth first search method is to travel as deep as possible from one node to node before backtracking. The travel will follow edges and no nodes cannot be visited twice. The travel rules are as follows.
 The travel will begin from given nodes, i.e. initial node.  Travel will visit the adjacent nodes of the given node and marked the visited nodes.
Then the numbers of the visited nodes are put into a stack.
 If no unvisited adjacent node is found, the travel will pop back.
 The travel will repeat rule 2 and 3 until the stack is empty. Figure 1 gives a simple example for the searching procedure of depth first search method. As can be seen, there are 7 nodes and some nodes are connected together. Suppose Node A is the initial node. There are two adjacent nodes for node A, e.g. Node B and Node G. In this graph, there are not different for the two nodes. The depth first search method starts from initial node, i.e. Node A, and then visit Node B according to the alphabet order. The Node A and Node B are put in the stack. Following Node B, the Node C, D and E are visited successively. Therefore, there are five nodes in stack, i.e. A, B, C D and E. Since there are not adjacent node fore Node E, the search will pop back to D. At this moment, there are four nodes in the stack, i.e. A, B, C and D. As there is one unvisited node for Node D, i.e. Node F, the Depth first search method visits Node F and marks it as visited. After that, the Node G is visited and there are no adjacent unvisited nodes for Node G. At this time, there are six nodes in the stack, i.e. Node A, B, C, D, F and G. The search pops backward and finally pops back to Node A. Since Node A has no unvisited adjacent node, the A is also taken off from the stack. Now, there are no nodes in the stack. Thus, according the rules mentioned in this section, the depth first search method has finished its searching procedure.
Fig. 1 -An example for depth first search method

Implementation of the depth first method for finding recirculation in network
For finding the recirculation in the network on the basis of the depth first search method, the searching strategy has been changed as follows:
 The search follows the direction of the line, i.e. the direction of airflows in a ventilation system.
 If the travel traces back to the initials nodes, a recirculation is found.
Fig. 2 -A simple network
The modified depth first search method is implemented by MATLAB. In order to explain how to use the method in MATLAB, a simple example is given. Figure 2 illustrates a network. It could be part of a ventilation network or any network. All lines are vector and the arrows represent the direction. Then we number all the nodes. As can be seen, each line with two nodes and the number order according to the directions of the line. For example, line 1 has two nodes, i.e. node 1 and node 2, and the direction of the line is from node 1 to node 2, i.e. from the smaller number to bigger number. There are 13 lines and 10 nodes. The coordinates of every nodes are shown in Table 1 .
Therefore, according to the coordinates, the figure can be drawn in MATLAB, as shown in Figure 3 . For easily tracking the recirculation, all the graph information, i.e. nodes and lines, is stored in a matrix. The matrix is made according to Equation 1. Equation 2 shows the matrix for all the graph information. In the matrix, the numbers on the horizontal direction show nodes information while the numbers on the vertical direction show the line information. Taking line 4 as an example, there are one "-1"on the line1 which means node 1 is on the line and it is the beginning node while node 4 is also on the line and it is the end node. The traveling of the graph, i.e. Figure 2 , follows the rules mentioned both on the Section 2.1 and Section 2.2. The implementation of the depth first search method, travelling on the graph, is through the data on the matrix of the graph. Then we find Node 2, i.e. 21
A . We continue to search on the horizontal direction to find if Node 2 is also on another line. Then we find that Node 2 is the beginning node of the Line 2, i.e. 22
A . We repeat the travelling and put the visited nodes in a stack. We found that, we travelled back to node 1, i.e. 11 A , as shown in Figure 3 . Thus, we found a recirculation. It should be noted that line 1, 5, 6, 7, 3 and 4 also form a recirculation, and line 9, 7, 3, 13 and 8 consist of another recirculation. They also can be find using the method mentioned above. (2) Application the strategy on a mine ventilation system for finding the recirculation of airflows Yunnan Dahongshan Copper is taken as an example for searching recirculation of airflows. The copper mine is located in Yunnan province, west of China. Figure 5 shows the ventilation system of the copper mine, which has hundreds of airways distributed in 19 levels and 38 fans installed underground. As shown in Figure 5 , three slops and one downcast shaft connected with a drift open from where the fresh air flows into the mine. On the right side of the Figure 5 , there are slops and shaft for polluted air flowing out of the mine.
Fig. 5 -Ventilation system of a copper mine
In this ventilation system, the fresh air passes though the intake air shafts and are taken to all the airways underground. Then the fresh air will pass to the working face area to dilute the contaminated air, including methane and heat. Eventually, the contaminated air will be carried out though the return shafts, i.e. shaft and slops on the right side of Figure 5 .
It is obvious that, the mine ventilation system is extremely complicated with five downcast shafts and four up-cast shafts as well as 38 booster fans underground. Although, the ventilation system can be solve by some ventilation solving software, it is still very difficult to find the recirculation of airflows in such a complicated ventilation system. Therefore it is necessary to study how to track along the airflows to find the recirculation. In order to apply the depth first method to find recirculation of airflows in the copper mine ventilation system, the ventilation solving software, i.e. VENTSIM, is employ to achieve the coordinates of all the airways of the copper mine ventilation system. Table 2 contains all the coordinates of each airway, i.e. the coordinates of the beginning and end nodes of airways. Therefore, according to coordinates in Table 1 , the ventilation system can be plot through on as shown in Figure 6 . Then we search the recirculation of the airflows from a given node where a fan is there. The found airflows are marked as red colour. The results are shown in Figure 7 in which the recirculation of the airflows are marked in red colour. The found recirculation of airflow as indicated in the red colour ( Figure 8 ) is compared with the simulation result by VENTSIM as shown in Figure 9 . It is found that the recirculation found by depth first search method is confirmed by the ventilation simulation result.
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CONCLUSION
The recirculation of airflows in a mine ventilation system can reduce the volumetric efficiency and induce the concentration of contaminated air. Therefore, it is necessary to find the recirculation of airflows and control them. However, it is difficult to find the recirculation of airflows in a complicated mine ventilation system. Moreover, the recirculation of airflows is mainly induced by fan installed in underground mine. Thus a searching strategy is proposed on the basis of depth first search method for finding the recirculation of airflows which is mainly induced by unground fans. The depth first search method is introduced briefly since there are many studies on the method, while the searching strategy for the finding recirculation of airflows, i.e. the modified depth first search method, is introduced in detail. The proposed method is implemented by MATLAB. A simple example of applying the proposed method by MATLAB is introduced step by step. Then the proposed searching strategy is used to find the recirculation of airflows induced by booster fans in a complicated copper mine ventilation system. The found recirculation of airflows are marked using red colour and are compared with the ventilation simulation results. It is found that the recirculation of airflows found by the searching strategy agree with the simulation results. It is concluded that:  The searching strategy is able to find recirculation of airflows induced by fan installed underground in a complicated mine ventilation system.
 The searching strategy could be easy implemented through MATLAB by storing all the network information in matrix and searching the data in the matrix.
